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ABSTRACT

I n  1 9 8 8 ,  w e  s u r v e y e d  8 8  N o r t h e r n  S p o t t e d  O w l  t e r r i t o r i e s  i n
n o r t h w e s t  C a l i f o r n i a , 4 3  o n  t h e  2 9 2  k m 2  Wi l low Creek  S tudy  Area
( W C S A )  a n d  4 5  o n  t h e  1 0 , 0 0 0  k m 2  R e g i o n a l  S t u d y  A r e a  ( R S A ) .  O f
t h e  1 2 3  o w l s  l o c a t e d  a n d  i d e n t i f i e d  t o  a g e ,  1 0 . 6 %  w e r e  s u b a d u l t s .
W e  f o u n d  7 2  S p o t t e d  O w l s  o n  3 7  o c c u p i e d  t e r r i t o r i e s  i n  t h e  W C S A .
R e p r o d u c t i v e  p a r a m e t e r s  i n  n o r t h w e s t  C a l i f o r n i a  r e m a i n e d  s t a b l e
f r o m  1 9 8 5  t h r o u g h  1 9 8 8  w i t h  6 7 . 8 %  o f  t h e  p a i r s  n e s t i n g  a n d  4 1 . 2 %
f l e d g i n g  y o u n g . M e a n  n u m b e r  o f  y o u n g  f l e d g e d  p e r  p a i r  w a s  0 . 6 5
w i t h  a d u l t  f e m a l e s  f l e d g i n g  s i g n i f i c a n t l y  m o r e  y o u n g  t h a n
s u b a d u l t s . I n  1 9 8 8 ,  f e m a l e  t u r n o v e r  r a t e s  ( 2 6 . 0 % )  w e r e
s i g n i f i c a n t l y  g r e a t e r  t h a n  m a l e  t u r n o v e r  r a t e s  ( 9 . 3 % ) . The re  was
a  n i n e - f o l d  i n c r e a s e  i n  i n t e r - t e r r i t o r i a l  m o v e m e n t s  b y  b a n d e d
a d u l t s  a n d  s u b a d u l t s  o n  t h e  W C S A  c o m p a r e d  t o  t h e  p r e v i o u s  t h r e e
y e a r s . T h e s e  m o v e m e n t s  c o n t r i b u t e d  t o  t h e  a b a n d o n m e n t  o f  f o u r
t e r r i t o r i e s  b u t  a l s o  t o  t h e  f o r m a t i o n  o f  f o u r  n e w  t e r r i t o r i e s .
D o c u m e n t e d  d i s p e r s a l s  o f  b a n d e d  j u v e n i l e s  i n  t h e  W C S A  d e c l i n e d  t o
z e r o  i n  1 9 8 8 . A n n u a l  s u r v i v a l  e s t i m a t e s  w e r e  c a l c u l a t e d  f o r
j u v e n i l e s  ( 0 . 0 6 ) , s u b a d u l t s  ( 0 . 7 7 )  a n d  a d u l t  m a l e s  ( 0 . 9 6 )  a n d
a d u l t  f e m a l e s  ( 0 . 8 7 )  u s i n g  e m p i r i c a l  m e t h o d s . A d u l t  s u r v i v a l
r a t e s  e s t i m a t e d  u s i n g  t h e  J o l l y - S e b e r  m a r k - r e c a p t u r e  m o d e l  w e r e
s i m i l a r  t o  r a t e s  e s t i m a t e d  u s i n g  e m p i r i c a l  m e t h o d s .

1 S u p p o r t e d  b y  C a l i f o r n i a  E n v i r o n m e n t a l  L i c e n s e  P l a t e  F u n d
a n d  1 9 8 7  S p e c i a l  L e g i s l a t i v e  S p o t t e d  O w l  A l l o c a t i o n ,  N o n g a m e
B i r d  a n d  M a m m a l  S e c t i o n ,  W i l d l i f e  M a n a g e m e n t  D i v i s i o n ,  J o b
I I . A . 2 ,  a n d  U S D A  F o r e s t  S e r v i c e ,  P a c i f i c  S o u t h w e s t  F o r e s t
a n d  R a n g e  E x p e r i m e n t  S t a t i o n  R e s e a r c h  C o o p e r a t i v e  A g r e e m e n t
PSW-87-0011CA. P r o g r e s s  R e p o r t .
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INTRODUCTION

T h e  N o r t h e r n  S p o t t e d  O w l  ( S t r i x  o c c i d e n t a l i s  c a u r i n a )  i s
c l o s e l y  a s s o c i a t e d  w i t h  o l d - g r o w t h  D o u g l a s - f i r  ( P s e u d o t s u g a
m e n z i e s i i )  f o r e s t s  i n  B r i t i s h  C o l u m b i a ,  W a s h i n g t o n ,  O r e g o n  a n d
n o r t h w e s t e r n  C a l i f o r n i a  ( G r i n n e l l  a n d  M i l l e r  1 9 4 4 ;  G o u l d  1 9 7 4 ;
S o l i s  1 9 8 3 ;  F o r s m a n  e t  a l .  1 9 8 4 ;  G u t i é r r e z  e t  a l .  1 9 8 4 ;  S i s c o
1 9 8 4 ) . L o g g i n g  o f  t h e s e  o l d - g r o w t h  f o r e s t s  i s  c o n s i d e r e d  t o  b e  a
m a j o r  f a c t o r  i n  t h e  d e c l i n e  o f  S p o t t e d  O w l  p o p u l a t i o n s  ( G o u l d
1 9 7 7 ;  U . S .  F i s h  a n d  W i l d l i f e  S e r v i c e  1 9 8 2 ;  F o r s m a n  e t  a l .  1 9 8 4 ;
G o u l d  1 9 8 5 ) . T h i s  d e c l i n e  i s  p r e c i p i t a t i n g  a  g r o w i n g  c o n t r o v e r s y
o v e r  t h e  a m o u n t  o f  o l d - g r o w t h  f o r e s t s  n e c e s s a r y  f o r  t h e  c o n t i n u e d
v i a b i l i t y  o f  S p o t t e d  O w l  p o p u l a t i o n s  ( H e i n r i c h s  1 9 8 4 ,  S i m b e r l o f f
1 9 8 7 ) .

T h e  l a c k  o f  b a s i c  d e m o g r a p h i c  d a t a  h a s  b e e n  a  m a j o r  p r o b l e m
i n  a s s e s s i n g  t h e  p r e s e n t  a n d  f u t u r e  s t a t u s  a n d  m a n a g e m e n t  o f
S p o t t e d  O w l  p o p u l a t i o n s . I n  o r d e r  t o  g a i n  a  b e t t e r  u n d e r s t a n d i n g
of  Spo t t ed  Owl  demography , t h e  C a l i f o r n i a  D e p a r t m e n t  o f  F i s h  a n d
G a m e  i n i t i a t e d  a n d  f u n d e d  t h e  p r e s e n t  f i v e - y e a r  s t u d y  i n
n o r t h w e s t e r n  C a l i f o r n i a . Redwood  Sc i ences  Labora to ry  o f  t he  USDA
F o r e s t  S e r v i c e  p r o v i d e d  f u n d s  i n  1 9 8 7  a n d  1 9 8 8  t o  e x p a n d  t h e
s a m p l i n g  e f f o r t . T h e  o b j e c t i v e s  o f  t h i s  s t u d y  w e r e  t o :

1) A s s e s s  r e p r o d u c t i o n  o f  S p o t t e d  O w l s  i n
n o r t h w e s t e r n  C a l i f o r n i a  f r o m  e x i s t i n g  d a t a  a s
w e l l  a s  b y  m o n i t o r i n g  a  s e l e c t e d  o w l
p o p u l a t i o n ;

2) E s t i m a t e  t h e  m a t e  a n d  t e r r i t o r y  f i d e l i t y  o f
i n d i v i d u a l  S p o t t e d  O w l s ;

3) E s t i m a t e  a n n u a l  s u r v i v a l  r a t e s ;  a n d

4) E s t i m a t e  t h e  r a t e  o f  a b a n d o n m e n t  a n d
r e - o c c u p a t i o n  o f  t e r r i t o r i e s  k n o w n  t o  h a v e
b e e n  a c t i v e  d u r i n g  t h e  p a s t  f o u r  y e a r s .

T h i s  s t u d y  w a s  i n i t i a t e d  i n  1 9 8 5 . R e s u l t s  f r o m  t h e  f i r s t ,
s e c o n d  a n d  t h i r d  y e a r s  o f  s t u d y  w e r e  r e p o r t e d  i n  F r a n k l i n  e t  a l .
( 1 9 8 6 ) , F r a n k l i n  e t  a l .  ( 1 9 8 7 ) , a n d  F r a n k l i n  a n d  G u t i é r r e z
( 1 9 8 8 ) , r e s p e c t i v e l y . I n  t h i s  r e p o r t , w e  p r e s e n t e d  t h e  r e s u l t s
f r o m  t h e  f o u r t h  y e a r  o f  t h e  s t u d y ,  1 9 8 8 . I n f o r m a t i o n  o n  d e n s i t y
f o r  t h e  f o u r - y e a r  p e r i o d  w a s  r e p o r t e d  e l s e w h e r e  ( F r a n k l i n  e t  a l . ,
i n  p r e s s ) .

STUDY AREA

W e  s t u d i e d  S p o t t e d  O w l s  i n  t w o  a r e a s  o f  n o r t h w e s t  C a l i f o r n i a
( F i g u r e s  1  a n d  2 ) . T h e  r e g i o n a l  s t u d y  a r e a  ( R S A )  o f
a p p r o x i m a t e l y  1 0 , 0 0 0  k m 2  ( 3 , 8 6 1  m i 2 )  i n c l u d e d  p o r t i o n s  o f  t h e  S i x
R i v e r s , K l a m a t h  a n d  S h a s t a - T r i n i t y  N a t i o n a l  F o r e s t s  a n d  l a n d s
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F i g u r e  1 . Map of  Nor thern  Spot ted  Owl  te r r i to r ies  (do ts )  surveyed
in  1988 in  the  Regiona l  S tudy  Area ,  nor thwes t  Cal i forn ia . Willow
Creek Study Area (WCSA) shown as shaded area.
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Figure  2 .  Map of  Nor thern  Spot ted  Owl  te r r i to r ies  in  the  Wi l low
Creek Study Area, nor thwes t  Cal i forn ia ,  showing  loca t ions  of
o c c u p i e d  t e r r i t o r i e s  ( d o t s )  i n  1 9 8 8 .  O p e n  c i r c l e s  r e p r e s e n t
t e r r i t o r i e s  o c c u p i e d  i n  1 9 8 7  b u t  a b a n d o n e d  i n  1 9 8 8 .
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a d m i n i s t e r e d  b y  t h e  U . S . Bureau  o f  Land  Managemen t . The  Wil low
Creek  s tudy  a rea  (WCSA)  encompassed  292  km 2  ( 1 1 3  r n i 2 )  and  was
l o c a t e d  j u s t  s o u t h  o f  W i l l o w  C r e e k ,  H u m b o l d t  C o . ,  C a l i f o r n i a  i n
t h e  c e n t r a l  p o r t i o n  o f  t h e  R S A .

The  WCSA was  managed  p r imar i ly  by  the  Lower  T r in i ty  Range r
D i s t r i c t ,
b y  t h e

S i x  R i v e r s  N a t i o n a l  F o r e s t  w i t h  a  s m a l l  p o r t i o n  m a n a g e d
B i g  B a r  R a n g e r  D i s t r i c t , S h a s t a - T r i n i t y  N a t i o n a l  F o r e s t .

T h e  d o m i n a n t  l a n d  u s e  i n  t h e  W C S A  w a s  t i m b e r  p r o d u c t i o n  w i t h
c l e a r c u t t i n g  b e i n g  t h e  p r i n c i p a l  m e t h o d  o f  l o g g i n g .

T h e  W C S A  w a s  s e l e c t e d  o r i g i n a l l y  i n  1 9 8 5  f o r  i n t e n s i v e  s t u d y
b e c a u s e  ( 1 )  t h e  s t u d y  a r e a  w a s  e a s i l y  d e l i n e a t e d  b y  g e o g r a p h i c
b o u n d a r i e s , ( 2 )  t h e  h i s t o r y  o f  o c c u p a t i o n  b y  S p o t t e d  O w l s  w a s
w e l l  k n o w n  t h r o u g h  p r e v i o u s  s u r v e y s  a n d  r e s e a r c h ,  a n d  ( 3 )  t h e
a r e a  w a s  a c c e s s i b l e  b y  r o a d s .

C l i m a t e  w i t h i n  t h e  s t u d y  a r e a s  w a s  c h a r a c t e r i z e d  b y  c o o l ,
w e t  w i n t e r s  a n d  h o t ,  d r y  s u m m e r s .
( 6 5 0  f t )  t o  1 7 0 0  m  ( 5 5 8 0  f t ) .

E l e v a t i o n s  r a n g e d  f r o m  2 0 0  m
T h e  v e g e t a t i o n  w a s  b e s t  d e s c r i b e d

as  Mixed  Eve rg reen ,  K lama th  Mon tane ,  Oregon  Oak  and  Tan  Oak
f o r e s t  t y p e s  ( K u c h l e r  1 9 7 7 ) .
c l i m a t e ,

A d d i t i o n a l  d e s c r i p t i o n  o f  t h e
p h y s i o g r a p h y , a n d  v e g e t a t i o n  o f  t h e  s t u d y  a r e a  w a s

p r e s e n t e d  b y  F r a n k l i n  e t  a l .  ( 1 9 8 6 ) .

TERMINOLOGY

F o r  t h i s  r e p o r t , t e r m s  h a v e  b e e n  d e f i n e d  a s  f o l l o w s :

J u v e n i l e  -  a  y o u n g  o w l  t h a t  h a s  l e f t  t h e  n e s t  ( f l e d g e d )  b u t  h a s
n o t  a c q u i r e d  B a s i c  I  a d u l t  p l u m a g e  ( F o r s m a n  1 9 8 1 ) .

S u b a d u l t  -  a n  o w l  t h a t  i s  a t  l e a s t  o n e  y e a r  o l d  a n d  l e s s  t h a n
t h r e e  y e a r s  o l d  a s  d e t e r m i n e d  b y  t h e  s h a p e  a n d  c o l o r  o f  t h e  t i p s
o f  t h e  o w l ' s  r e t r i c e s  ( F o r s m a n  1 9 8 1 ) .

A d u l t  -  a n  o w l  t h a t  i s  a t  l e a s t  t h r e e  y e a r s  o l d  a s  d e t e r m i n e d  b y
t h e  s h a p e  a n d  c o l o r  o f  t h e  t i p s  o f  t h e  o w l ' s  r e t r i c e s  ( F o r s m a n
1 9 8 1 ) .

T e r r i t o r y  -  a n  a r e a  c u r r e n t l y  a n d / o r  h i s t o r i c a l l y  u s e d  a n d
a c t i v e l y  d e f e n d e d  b y  a n  o w l  o r  p a i r  o f  o w l s . An owl was
c o n s i d e r e d  t o  b e  a c t i v e l y  d e f e n d i n g  a n  a r e a  w h e n  v o c a l  r e s p o n s e s
w e r e  e l i c i t e d  f r o m  t h e  s a m e  b i r d  i n  t h e  s a m e  a r e a  o n  t w o  o r  m o r e
o c c a s i o n s .

S u r v e y  -  a  s y s t e m a t i c  s e a r c h  o f  a n  a r e a  f o r  S p o t t e d  O w l s  b y
o b s e r v e r s  u s i n g  i m i t a t e d  c a l l s  t o  e l i c i t  r e s p o n s e s  f r o m  S p o t t e d
O w l s .   I n  a  p o i n t  s u r v e y ,  o b s e r v e r s  s p e n d  t i m e  ( u s u a l l y  1 0 - 1 5
m i n . )  c a l l i n g  a t  t h e  s a m e  l o c a t i o n  ( a  c a l l  s t a t i o n ) .   I n  a  c r u i s e
s u r v e y ,  o b s e r v e r s ,  w a l k  a  r o u t e  w h i l e  c a l l i n g .   I n   w a l k - i n
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s u r v e y  o b s e r v e r s  v i s u a l l y  l o c a t e  a  c a l l i n g  o w l  a t  a  d a y t i m e  r o o s t
b y  f o l l o w i n g  t h e  o w l ' s  r e s p o n s e . A  n i g h t t i m e  s u r v e y  c o n s i s t e d  o f
o n e  o r  m o r e  p o i n t  a n d  c r u i s e  s u r v e y s  w h i c h  c o v e r e d  p a r t  o r  a l l  o f
a  S p o t t e d  O w l  t e r r i t o r y .

S u r v e y  E f f o r t  -
f o r  S p o t t e d  O w l s

t h e  a m o u n t  o f  t i m e  d e v o t e d  s t r i c t l y  t o  s u r v e y i n g
b y  a  t w o - p e r s o n  c r e w .

t i m e  s p e n t  l o c a t i n g  o w l s ,
S u r v e y  e f f o r t  i n c l u d e d

d e t e r m i n i n g  r e p r o d u c t i v e  s t a t u s  a n d
i d e n t i f y i n g  i n d i v i d u a l s  b y  c a p t u r e ,
c o l o r - b a n d s .

r e c a p t u r e  o r  r e - s i g h t i n g  o f
T i m e  i n c l u d e d  i n  s u r v e y  e f f o r t  b e g a n  w h e n  ( 1 )  t h e

o b s e r v e r  b e g a n  u s i n g  v o c a l l y  i m i t a t e d  c a l l s  t o  d e t e c t  a  S p o t t e d
O w l  o r  ( 2 )  t h e  o w l  w a s  d e t e c t e d  b e f o r e  t h e  o b s e r v e r  b e g a n
c a l l i n g . S u r v e y  e f f o r t  e n d e d  w h e n  ( 1 )  t h e  o b s e r v e r  s t o p p e d
c a l l i n g  a f t e r  n o t  d e t e c t i n g  a n  o w l  ( e . g . d u r i n g  a  p o i n t  o r  c r u i s e
s u r v e y ) , ( 2 )  t h e  o b s e r v e r  o r  t h e  o w l ( s )  s t o p p e d  c a l l i n g
( w h i c h e v e r  o c c u r r e d  f i r s t )  a n d  n o  e f f o r t  w a s  m a d e  ' t o  d e t e r m i n e
r e p r o d u c t i o n  o r  t o  i d e n t i f y  i n d i v i d u a l s  ( e . g .  d u r i n g  a  p o i n t
s u r v e y )  o r  ( 3 )  w h e n  e f f o r t  i n v o l v e d  i n  d e t e r m i n i n g  r e p r o d u c t i o n
a n d / o r  i d e n t i t y  o f  i n d i v i d u a l s  w a s  c o m p l e t e d  ( e . g .  d u r i n g  a  w a l k -
i n  s u r v e y ) .
(1986,

T h e  d e f i n i t i o n  f o r  s u r v e y  e f f o r t  i n  F r a n k l i n  e t  a l .
1 9 8 7 )  w a s  b a s e d  o n  e f f o r t  e x p e n d e d  b y  i n d i v i d u a l s  ( n o t

c r e w s )  a n d  d i d  n o t  i n c l u d e  e f f o r t  e x p e n d e d  i n  a t t e m p t i n g  t o
i d e n t i f y  i n d i v i d u a l s .

D e t e c t i o n  -  a  p o s i t i v e  l o c a t i o n  b y  e i t h e r  h e a r i n g  a  S p o t t e d  O w l
r e s p o n s e  o r  b y  a n  a c t u a l  s i g h t i n g .

D e n s i t y  -  t h e  n u m b e r  o f  a n i m a l s  p e r  u n i t  a r e a  ( C a u g h l e y  1 9 7 7 : 1 2 ) .
C r u d e  d e n s i t y  w a s  d e f i n e d  a s  t h e  n u m b e r  o f  o w l s  p e r  t o t a l  a r e a
w h i l e  e c o l o g i c a l  d e n s i t y  w a s  t h e  n u m b e r  o f  o w l s  p e r  u n i t  o f
s u i t a b l e  h a b i t a t  ( J o h n s o n  1 9 7 8 : l l ) .

P r o d u c t i v i t y  -  n u m b e r  o f  f l e d g e d  y o u n g  p e r  p r o d u c t i v e  f e m a l e
( i . e . a  f e m a l e  t h a t  h a s  p r o d u c e d  a t  l e a s t  o n e  y o u n g )  p e r  y e a r .
P o s t u p a l s k y  ( 1 9 7 4 )  d e f i n e d  t h i s  t e r m  a s  t h e  n u m b e r  o f  y o u n g  p e r
o c c u p i e d  n e s t . However, t h e  n u m b e r  o f  n e s t  a t t e m p t s  i s  d i f f i c u l t
t o  a s s e s s  f o r  S p o t t e d  O w l s  b e c a u s e  n e s t  a t t e m p t s  m a y  t e r m i n a t e
w i t h i n  a  s h o r t  p e r i o d  o f  t i m e . W e  d e f i n e d  p r o d u c t i v i t y  a s  t h e
t o t a l  n u m b e r  o f  y o u n g  p r o d u c e d  i n  a  b r e e d i n g  p o p u l a t i o n ,  w h i c h
a l o n e , i s  n o t  s o l e l y  a  f u n c t i o n  o f  n e s t  s u c c e s s  a n d  m e a n  b r o o d
s i z e  ( a s  d e f i n e d  b y  P o s t u p a l s k y  1 9 7 4 ) .

T u r n o v e r  R a t e  -  t h e  a n n u a l  r a t e  o f  c h a n g e  o f  i n d i v i d u a l s  w i t h i n  a
t e r r i t o r y  ( V i l l a g e  1 9 8 5 ) .

D i v o r c e  -  a  s e v e r i n g  o f  t h e  b o n d  b e t w e e n  m a t e s  e v e n  t h o u g h  b o t h
a r e  a l i v e  a n d  p r e s e n t  a s  t e r r i t o r i a l  i n d i v i d u a l s  ( J o h n s t o n  a n d
R y d e r  1 9 8 7 ) .

S u r v i v a l  R a t e s  -  t h e  p r o b a b i l i t y  o f  a n  i n d i v i d u a l  s u r v i v i n g  f r o m
o n e  y e a r  t o  t h e  n e x t  ( T a n n e r  1 9 7 8 : 7 0 ) .
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METHODS

W e  a t t e m p t e d  t o  l o c a t e  a n d  i d e n t i f y  a l l  i n d i v i d u a l  S p o t t e d
O w l s  i n  t h e  W C S A  a n d  o n  s e l e c t e d  t e r r i t o r i e s  i n  t h e  R S A .
T e r r i t o r i e s  i n  t h e  R S A  w e r e  s e l e c t e d  b a s e d  o n  w h e r e  S p o t t e d  O w l s
w e r e  b a n d e d  d u r i n g  p r e v i o u s  s t u d i e s  ( G u t i é r r e z  e t  a l .  1 9 8 5 )  a n d
t o  p r o v i d e  a  w i d e r  g e o g r a p h i c  s a m p l e  f o r  e s t i m a t i n g  d e m o g r a p h i c
p a r a m e t e r s . S p o t t e d  O w l s  w e r e  l o c a t e d  u s i n g  v o c a l  i m i t a t i o n s  o f
t h e i r  c a l l s  t o  e l i c i t e  r e s p o n s e s  ( F o r s m a n  1 9 8 3 ) . I n d i v i d u a l s
w e r e  i d e n t i f i e d  b y  i n i t i a l  c a p t u r e ,  m a r k i n g  a n d  s u b s e q u e n t
r e c a p t u r e . M o s t  o f  o u r  m e t h o d s  w e r e  e i t h e r  a d a p t e d  f r o m  F o r s m a n
( 1 9 8 3 )  o r  d e v e l o p e d  d u r i n g  p r e v i o u s  r e s e a r c h  p r o j e c t s  ( G u t i é r r e z
e t  a l . 1 9 8 4 ;  G u t i é r r e z  e t  a l .  1 9 8 5 ;  F r a n k l i n  e t  a l .  1 9 8 6 ) .
M e t h o d s  f o r  r e c o r d i n g  d a t a  c o l l e c t e d  i n  t h e  f i e l d  ' w e r e  d e s c r i b e d
i n  F r a n k l i n  e t  a l . ( 1 9 8 6 ) .

Surveys

N i g h t
B o t h  d a y  a n d  n i g h t  s u r v e y s  w e r e  u s e d  t o  l o c a t e  S p o t t e d  O w l s .

s u r v e y s  w e r e  c o n d u c t e d  b e t w e e n  d u s k  a n d  2 4 0 0  h o u r s  ( P a c i f i c
S t a n d a r d  T i m e )  a n d  c o n s i s t e d  p r i m a r i l y  o f  p o i n t  s u r v e y s .  A
m i n i m u m  o f  1 0  m i n u t e s  w a s  d e v o t e d  t o  a n y  c a l l  s t a t i o n  d u r i n g
p o i n t  s u r v e y s .

D a y  s u r v e y s  w e r e  u s e d  t o  l o c a t e  r o o s t i n g  o w l s  a n d  c o n s i s t e d
o f  w a l k - i n  s u r v e y s  a n d  c r u i s e  s u r v e y s . W a l k - i n  s u r v e y s  w e r e
i n i t i a t e d  d u r i n g  t h e  d a y  a t  s i t e s  w h e r e  o w l s  h a d  b e e n  l o c a t e d  t h e
p r e v i o u s  n i g h t . C r u i s e  s u r v e y s  w e r e  c o n d u c t e d  i n  h a b i t a t
c o n s i d e r e d  p o t e n t i a l l y  o c c u p i e d , b u t  w i t h o u t  a n y  p r e v i o u s  r e c o r d
o f  o c c u p a n c y .

S a m p l i n g  e f f o r t  w i t h i n  t h e  W C S A  i n  1 9 8 8  i n c l u d e d  ( 1 )  c a l l
s t a t i o n s  a n d  s u r v e y  r o u t e s  e s t a b l i s h e d  b e t w e e n  1 9 8 5  a n d  1 9 8 7
w h e r e  o w l s  r e s p o n d e d  ( 2 )  h a b i t a t  c o n s i d e r e d  t o  h a v e  a  h i g h
p r o b a b i l i t y  o f  S p o t t e d  O w l  u s e  ( h a b i t a t  d e t e r m i n a t i o n  w a s  b a s e d
o n  h a b i t a t  d e s c r i p t i o n s  p r o v i d e d  b y  S o l i s  ( 1 9 8 3 ) ,  r e c o r d s  o f
h i s t o r i c a l  s i g h t i n g s , a n d  p e r s o n a l  e x p e r i e n c e )  a n d  ( 3 )  r e m a i n i n g
h a b i t a t  n o t  c o n s i d e r e d  s u i t a b l e  f o r  S p o t t e d  O w l s  ( S o l i s  1 9 8 3 ) .
S u r v e y  e f f o r t , a s  d e f i n e d  i n  t h i s  r e p o r t ,  w a s  r e - c a l c u l a t e d  f o r
1 9 8 5  a n d  1 9 8 6 .

O n c e  l o c a t e d , o w l s  w e r e  c h e c k e d  f o r  r e p r o d u c t i v e  a c t i v i t y  b y
f e e d i n g  l i v e  m i c e  t o  i n d i v i d u a l s  ( F o r s m a n  1 9 8 3 ) . B r e e d i n g
S p o t t e d  O w l s  t a k e  p r e y  a n d  f l y  t o  t h e  n e s t  o r  f l e d g e d  y o u n g ;
n o n - r e p r o d u c t i v e  o w l s  e i t h e r  e a t  o r  c a c h e  t h e  m i c e .   A  m i n i m u m  o f
f o u r  m i c e  ( P e r o m y s c u s  s p p . o r  M u s  m u s c u l u s )  w a s  u s e d  t o  d e t e r m i n e
w h e t h e r  o w l s  w e r e  n e s t i n g  o r  o f f s p r i n g  h a d  b e e n  s u c c e s s f u l l y
p r o d u c e d . O w l  p a i r s  w e r e  u s u a l l y  v i s i t e d  a t  l e a s t  t w i c e  t o
d e t e r m i n e  n e s t i n g  s t a t u s . N e s t i n g  p a i r s  w e r e  r e v i s i t e d  l a t e r  i n
t h e  s e a s o n  t o  d e t e r m i n e  t h e  n u m b e r  o f  f l e d g e d  y o u n g .
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Capture

O w l s  w e r e  c a p t u r e d  a n d  m a r k e d  a f t e r  t h e i r  r e p r o d u c t i v e
s t a t u s  h a d  b e e n  d e t e r m i n e d . S e v e r a l  c a p t u r e  t e c h n i q u e s  w e r e
u s e d , i n c l u d i n g  a  n o o s e  p o l e  ( F o r s m a n  1 9 8 3 ) ,  b a i t e d  m i s t  n e t ,  d i p
n e t  a n d , o c c a s i o n a l l y ,  b y  h a n d . H a n d l i n g  o f  c a p t u r e d  o w l s  w a s
a l w a y s  l e s s  t h a n  2 0  m i n u t e s .
t h e  U . S .

L o c k i n g  a l u m i n u m  b a n d s  p r o v i d e d  b y
F i s h  a n d  W i l d l i f e  S e r v i c e  ( U S F W S )  w e r e  p l a c e d  o n  t h e

t a r s o - m e t a t a r s u s  o f  e a c h  c a p t u r e d  S p o t t e d  O w l  t o  v e r i f y  t h e
i d e n t i t y  o f  i n d i v i d u a l  o w l s  d u r i n g  r e c a p t u r e s . C o l o r e d  p l a s t i c
l e g  b a n d s  d e v e l o p e d  b y  E r i c  F o r s m a n  ( p e r s . comm. )  we re  mod i f i ed
w i t h  c o l o r e d  v i n y l  t a b s  a n d  p l a c e d  o n  t h e  o p p o s i n g
t a r s o - m e t a t a r s u s  i n  o r d e r  t o  i d e n t i f y  i n d i v i d u a l s  w i t h o u t
r e c a p t u r i n g  ( s e e  F r a n k l i n  e t  a l .  1 9 8 7  f o r  d e t a i l s ) .

I n d e n t i f y i n g  i n d i v i d u a l  o w l s  m a r k e d  w i t h  U S F W S  l e g  b a n d s  i n
p r e v i o u s  y e a r s  r e q u i r e d  r e c a p t u r i n g  t o  c h e c k  b a n d  n u m b e r s . Band
l o s s  w a s  a s s u m e d  t o  b e  z e r o . T h e  i d e n t i t y  o f  o w l s  d e t e c t e d  a t
n i g h t  w a s  e i t h e r  i n f e r r e d  b y  t h e  p o s i t i o n  o f  t h e  o w l  r e l a t i v e  t o
k n o w n  S p o t t e d  O w l  t e r r i t o r i e s  o r  b y  s i g h t  i d e n t i f i c a t i o n  o f
c o l o r - m a r k e d  i n d i v i d u a l s . C o l o r - b a n d e d  i n d i v i d u a l s  w e r e
p o s i t i v e l y  i d e n t i f i e d  b y  r e - s i g h t i n g  c o l o r  c o m b i n a t i o n s  w i t h i n  a
m e a n  o f  1 7 . 3  m i n u t e s  ( n  =  1 5 4  r e s i g h t s ,  S D  =  2 1 . 3 ,  m e d i a n  =  8
m i n u t e s )  a f t e r  t h e  i n d i v i d u a l s  h a d  b e e n  l o c a t e d ;  5 6 . 5 %  o f  t h e  r e -
s i g h t i n g s  o c c u r r e d  w i t h i n  t e n  m i n u t e s .

Determining Sex and Age

T h e  s e x e s  o f  a d u l t  a n d  s u b a d u l t  S p o t t e d  O w l s  w e r e
d i s t i n g u i s h e d  b y  c a l l s  a n d  g e n e r a l  b e h a v i o r . M a l e s  e m i t  l o w e r -
p i t c h e d  c a l l s  ( F o r s m a n  e t  a l .  1 9 8 4 ) . However, f l e d g l i n g s  c o u l d
n o t  b e  a c c u r a t e l y  s e x e d .

S p o t t e d  O w l s  w e r e  a g e d  b y  p l u m a g e  c h a r a c t e r i s t i c s . T h r e e
a g e  c a t e g o r i e s  w e r e  e s t a b l i s h e d :  f l e d g l i n g ,  s u b - a d u l t ,  a n d  a d u l t .
F l e d g l i n g s  p o s s e s s  g r a y , d o w n y  b o d y  p l u m a g e  a n d  r e t r i c e s  w i t h
t r i a n g u l a r , w h i t e  t i p s  t h r o u g h  t h e i r  f i r s t  s u m m e r . S u b a d u l t s
p o s s e s s  t y p i c a l , a d u l t - l i k e  b o d y  p l u m a g e  b u t  r e t a i n  t h e  w h i t e
t i p p e d  r e t r i c e s  u n t i l  a f t e r  t h e i r  t h i r d  s u m m e r  ( F o r s m a n  1 9 8 1 ) .
A d u l t s  h a v e  r e t r i c e s  w i t h  r o u n d e d  a n d  m o t t l e d  t i p s . M o l t  o f  t h e
r e t r i c e s  o c c u r s  e v e r y  t w o  y e a r s  ( F o r s m a n  1 9 8 1 ) . Thus ,
o r  min imum ages ,

known ages
i n  t h e  c a s e  o f  e x i s t i n g  a d u l t s ,  w e r e  d e t e r m i n e d

u s i n g  p l u m a g e  c o n d i t i o n  a n d  t i m i n g  o f  t h e  m o l t .

D a t a  A n a l y s i s

M e a n s  a n d  v a r i a n c e s  f o r  r e p r o d u c t i v e  d a t a  w e r e  c a l c u l a t e d
u s i n g  f o r m u l a e  f o r  a  d i s c r e t e  f r e q u e n c y  d i s t r i b u t i o n  ( Z a r
1 9 8 4 : 3 1 ) . C o n f i d e n c e  l i m i t s  f o r  p r o p o r t i o n s  w e r e  c a l c u l a t e d
u s i n g  a  r e l a t i o n s h i p  b e t w e e n  t h e  F  d i s t r i b u t i o n  a n d  t h e  b i n o m i a l
d i s t r i b u t i o n  ( Z a r  1 9 8 4 : 3 7 8 ) .
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D i f f e r e n c e s  i n  p r o p o r t i o n s  w e r e  t e s t e d  u s i n g  c h i - s q u a r e
t e s t s  o f  h o m o g e n e i t y  ( S o k a l  a n d  R o l f  1 9 8 1 : 7 2 4 ;  Z a r  1 9 8 4 : 4 9 )  o n
t h e  r a w  c o u n t s  u s e d  t o  c a l c u l a t e  t h e  p r o p o r t i o n s . Mann-Whitney
U - t e s t s  ( S o k a l  a n d  R o l f  1 9 8 1 : 4 3 3 ;  Z a r  1 9 8 4 : 1 3 8 )  w e r e  u s e d  f o r
p a i r - w i s e  c o m p a r i s o n s .

A n n u a l  s u r v i v a l  r a t e s  f o r  b a n d e d  j u v e n i l e s ,  s u b a d u l t s  a n d
a d u l t s  w e r e  e s t i m a t e d  u s i n g  e m p i r i c a l  m e t h o d s . W e  a l s o  e s t i m a t e d
s u r v i v a l  r a t e s  f o r  a d u l t s  u s i n g  J o l l y - S e b e r  ( J - S )  m a r k / r e c a p t u r e
m e t h o d s . I n  t h e  e m p i r i c a l  m e t h o d , a n n u a l  s u r v i v a l  r a t e s  w e r e
c a l c u l a t e d  a s :

Mt+1/M<t where 1) Mt+1 w a s  t h e  n u m b e r  o f  p r e v i o u s l y  m a r k e d
t e r r i t o r i a l  o c c u p a n t s  w h i c h  w e r e  i d e n t i f e d
a n d  s t i l l  a l i v e  i n  t i m e  t + l ;  a n d

2 )  M < t  was  t he  number  o f  marked
t e r r i t o r i a l  o c c u p a n t s  i d e n t i f i e d  ( b y
c a p t u r e  o r  r e s i g h t )  a t  o r  b e f o r e  t i m e  
w h i c h  w e r e  s u b s e q u e n t l y  s u r v e y e d  f o r  i n
t i m e  t + l .

T h i s  m e t h o d  a s s u m e d  t h a t  a n  o w l  w a s  d e a d  w h e n  i t  w a s  e i t h e r
r e p l a c e d  o n  i t s  t e r r i t o r y  b y  a n o t h e r  o w l  o r  i t  w e n t  u n d e t e c t e d
f o r  t w o  o r  m o r e  y e a r s . T h i s  m e t h o d  a l s o  a s s u m e d  t h a t  a n
i n d i v i d u a l  w a s  s t r o n g l y  f a i t h f u l  t o  i t s  t e r r i t o r y . J - S  e s t i m a t e s
f o r  a d u l t s  w e r e  c a l c u l a t e d  u s i n g  t h e  J o l l y - S e b e r  c a p t u r e -
r e c a p t u r e  m o d e l  f o r  o p e n  p o p u l a t i o n s  ( J o l l y  1 9 6 5 ,  S e b e r  1 9 6 5 )
w h i c h  a l l o w s  f o r  b o t h  l o s s e s  f r o m  a n d  g a i n s  t o  t h e  p o p u l a t i o n
b e t w e e n  s a m p l i n g  p e r i o d s . W e  c a l c u l a t e d  J - S  e s t i m a t e s  u s i n g
m o d e l  A  ( t h e  s t a n d a r d  J o l l y - S e b e r  m o d e l )  i n  t h e  c o m p u t e r  p r o g r a m
J O L L Y  ( B r o w n i e  e t  a l .  1 9 8 6 ) .
( 1 9 8 4 - 1 9 8 8 ) ,

F o r  t h e  f i v e - y e a r  c a p t u r e  p e r i o d
t h e  J o l l y - S e b e r  m o d e l  c a l c u l a t e d  s u r v i v a l  r a t e s  o n l y

f o r  t h e  f i r s t  t h r e e  y e a r s . W e  a l s o  e s t i m a t e d  s u r v i v a l  r a t e s  f o r
j u v e n i l e s  c a r r y i n g  r a d i o - t r a n s m i t t e r s  i n  1 9 8 3  a n d  1 9 8 4  f r o m  d a t a
i n  G u t i é r r e z  e t  a l . ( 1 9 8 5 )  a n d  u s i n g  t h e  " e x p o s u r e - d a y "  m o d e l  i n
computer  program MICROMORT (Heisey and Ful ler  1985) . W e  d i d  n o t
i n c l u d e  b i r d s  w h o s e  t r a n s m i t t e r s  h a d  f a i l e d  e x c e p t  f o r  o n e  m a l e
w h o  w a s  r e c a p t u r e d  o n  t h e  W C S A  i n  1 9 8 6 .

T u r n o v e r  r a t e s  w e r e  c a l c u l a t e d  a s  t h e  p r o p o r t i o n  o f  m a r k e d
a d u l t  a n d  s u b a d u l t  o w l s  r e p l a c e d  o n  t h e i r  t e r r i t o r i e s  b y  a n o t h e r
i n d i v i d u a l  o r  f o u n d  m i s s i n g  f r o m  t h e i r  t e r r i t o r i e s  f o r  > 2  y e a r s .
T u r n o v e r  r a t e  w a s ,  t h e r e f o r e ,
a d u l t  m o r t a l i t y ,

a  f u n c t i o n  o f  s u b a d u l t  m o r t a l i t y ,
m o v e m e n t s  o f  b i r d s  b e t w e e n  t e r r i t o r i e s  a n d  r e -

o c c u p a t i o n  a n d  a b a n d o n m e n t  o f  t e r r i t o r i e s . T h i s  d i f f e r e d  f r o m
c a l c u l a t i o n s  i n  p r e v i o u s  r e p o r t s  w h i c h  i n c l u d e d  o n l y
r e p l a c e m e n t s . D a t a  f o r  1 9 8 5  t h r o u g h  1 9 8 7  w e r e  r e - c a l c u l a t e d  t o
c o n f o r m  t o  t h e  c u r r e n t  d e f i n i t i o n  o f  t u r n o v e r  r a t e .

8



T h e  s t u d y  p o p u l a t i o n , f r o m  w h i c h  s t a t i s t i c a l  i n f e r e n c e s  a r e
d r a w n  ( T a c h a  e t  a l .  1 9 8 2 ) , i s  d e f i n e d  i n  t h e  R e s u l t s  s e c t i o n  f o r
e a c h  t y p e  o f  i n f o r m a t i o n  g a t h e r e d  b e c a u s e  o f  t h e  v a r y i n g  t i m e
p e r i o d s  a n d  s t u d y  a r e a s  u s e d . T h e  t a r g e t  p o p u l a t i o n ,  t o  w h i c h
s t a t i s t i c a l  i n f e r e n c e s  a r e  a p p l i e d  ( T a c h a  e t  a l .  1 9 8 2 ) ,  i s  f o r
a l l  N o r t h e r n  S p o t t e d  O w l s  i n  t h e  D o u g l a s - f i r  b i o m e  i n  D e l  N o r t e ,
S i s k i y o u , H u m b o l d t  a n d  T r i n i t y  c o u n t i e s  i n  n o r t h w e s t e r n
C a l i f o r n i a . T i m e  p e r i o d s  a r e  s p e c i f i e d  i n  t h e  R e s u l t s  a n d
D i s c u s s i o n  s e c t i o n s .

RESULTS

Surveys

E i g h t y - e i g h t  t e r r i t o r i e s  p r e v i o u s l y  o c c u p i e d  b y  N o r t h e r n
Spo t t ed  Owl  we re  su rveyed  on  t he  RSA and  WCSA in  1988  (Tab l e  1 ,
F i g u r e s  1  a n d  2 ) . O w l s  w e r e  d e t e c t e d  a t  7 5  ( 8 5 . 2 % )  a n d
r e p r o d u c t i o n  w a s  a s s e s s e d  a t  6 6  ( 7 5 . 0 % )  o f  t h e  t e r r i t o r i e s
s u r v e y e d  ( T a b l e  1 ) . W e  d e t e r m i n e d  t h a t  s i x  t e r r i t o r i e s  w e r e
unoccupied on the  WCSA. S e v e n  t e r r i t o r i e s  o n  t h e  R S A  w e r e
i n c o m p l e t e l y  s u r v e y e d  b e c a u s e  o f  a c c e s s  p r o b l e m s ,  ' p r i m a r i l y  f r o m

T a b l e  1 .  N u m b e r  o f  N o r t h e r n  S p o t t e d  O w l  t e r r i t o r i e s  s u r v e y e d ,
o c c u p i e d  a n d  c h e c k e d  f o r  r e p r o d u c t i o n  i n  1 9 8 8  o n  t h e  W i l l o w  C r e e k
S t u d y  A r e a  ( W C S A )  a n d  R e g i o n a l  S t u d y  A r e a  ( R S A ) ,  n o r t h w e s t
C a l i f o r n i a .

S t u d y  A r e a

No. T e r r i t o r i e s : WCSA RSA Combined

Surveyed

Found  Occup ied  By :
P a i r s
Ma le s
Females
T o t a l

C h e c k e d  F o r  R e p r o d u c t i o n
Where Occupied By:

P a i r s
S i n g l e  M a l e s
S i n g l e  F e m a l e s
T o t a l

43

35 30 65
2 7 9
0 1 1

37 38 75

35
2
0

37

45

27
2
0

29

88

62
4
0

66
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Table  2 . S e x - s p e c i f i c  d i s t r i b u t i o n  o f  a d u l t  a n d  s u b a d u l t
Nor thern  Spot ted  Owls  loca ted  and  ident i f ied  to  age-c lass  in  1988
on the Willow Creek Study Area (WCSA) and Regional Study Area
(RSA), n o r t h w e s t  C a l i f o r n i a .

Study Area

Sex

WCSA RSA Combined

Age Class n (%) n (%) n (%)

Male Adult 34 (94.4)
Subadult 2 (5.6)
Combined 36 (100.0)

Female Adult
Subadult
Combined

Combined Adult
Subadult
Combined

28 (80.0)
7 (20.0)

36 (100.0)

62 (87.3)
2  ( 1 2 . 7 )

71 (100.0)

26 (92.9)
2 (7.1)
28 (100.0)

22 (91.7)
2 (8.3)
24 (100.0)

48 (92.3)
4 (7.7)

52 (100.0)

60 (93.8)
4 (6.2)

64 (100.0)

50 (84.7)
2  ( 1 5 . 3 )

59 (100.0)

110 (89.4)
1 3  ( 1 0 . 6 )

123 (100.0)

pr iva te  landowners . We found a  to ta l  o f  41  juveni les  Spot ted
Owls which had fledged; 26 on the WCSA and 15 on the RSA.

S e x  a n d  A g e - C l a s s  D i s t r i b u t i o n

The sex  and  age-c lass  d i s t r ibu t ions  for  Nor thern  Spot ted
Owls examined on the WCSA and RSA (Table 2) were not
s i g n i f i c a n t l y  d i f f e r e n t  ( X 2  =  1 . 6 7 ,  3  d f ,  P  =  0 . 6 4 ) . O v e r a l l ,  o f
the 123 owls found which were identif ied to age-class,  10.6% were
s u b a d u l t s  ( T a b l e  2 ) . Al though the  percentage  of  subadul t  females
(15 .2%)  was  twice  tha t  o f  subadul t  males  (6 .2%) ,  the  d i f fe rence
w a s  n o t  s i g n i f i c a n t  ( X 2  =  2 . 6 3 ,  1  d f ,  P  =  0 . 1 0 ) .

Abundance  and  Dens i ty  in  the  Wi l low Creek  Study  Area

Within the WCSA, 567 hours of survey effort  were devoted to
p o i n t , walk- in  and  cru ise  surveys  (Table  3 ) . A s  a  r e s u l t ,  3 7
te r r i to r ies  were  ident i f ied  as  occupied  wi th in  the  WCSA in  1988
(Figure 1, Appendix 1). T h i r t y - f i v e  t e r r i t o r i e s  w e r e  o c c u p i e d  b y
pairs of Spotted Owls while 2 (5.4%) were occupied by unpaired
males  for  a  to ta l  o f  72  adul t  and  subadul t  Spot ted  Owls . S i x t y -
nine (95.8%) of the Spotted Owls located within the WCSA were
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T a b l e  3 .  E f f o r t  e x p e n d e d  i n  s u r v e y i n g  t h e  W i l l o w  C r e e k  S t u d y
A r e a , n o r t h w e s t  C a l i f o r n i a ,  f r o m  1 9 8 5  t h r o u g h  1 9 8 8 .

Y e a r

V a r i a b l e 1985 1986 1987 1988 T o t a l

H o u r s  S p e n t  S u r v e y i n g :
P o i n t 1 6 9 . 0
W a l k - i n 2 0 0 . 8
C r u i s e 7 9 . 0
T o t a l 4 4 8 . 8

N u m b e r  O f  S u r v e y s :
P o i n t 469
W a l k - i n 89
C r u i s e 36
T o t a l 594

No. C a l l i n g
S t a t i o n s  U s e d 317

8 2 . 4 1 6 3 . 4 2 0 2 . 8 6 1 7 . 6
2 2 9 . 7 3 2 4 . 9 2 7 7 . 4 1 0 3 2 . 8

2 4 . 9 8 4 . 2 8 6 . 5 2 7 4 . 6
3 3 7 . 0 5 7 2 . 5 5 6 6 . 7 1 9 2 5 . 0

206 496 778 1949
110 134 141 474

15 47 48 146
331 677 967 2569

111 321 540

T a b l e  4 . P r o p o r t i o n  o f  N o r t h e r n  S p o t t e d  O w l  p a i r s  c h e c k e d  f o r
r e p r o d u c t i v e  a c t i v i t y  b e f o r e  3 1  M a y  w h i c h  n e s t e d  i n  t h e  W i l l o w
C r e e k  S t u d y  A r e a  ( W C S A )  a n d  R e g i o n a l  S t u d y  A r e a  ( R S A ) ,  n o r t h w e s t
C a l i f o r n i a , f r o m  1 9 8 5  t h r o u g h  1 9 8 8 .  N i n e t y - f i v e  p e r c e n t
c o n f i d e n c e  i n t e r v a l s  a r e  i n  p a r e n t h e s e s .

No. P a i r s P r o p o r t i o n  o f  P a i r s  N e s t i n g
Checked

Year (WCSA, RSA) WCSA RSA Combineda

1985 42
( 4 2 , 1 8 )

0 . 6 3 0 . 5 0 0 . 5 7
( 0 . 4 4 - 0 . 7 9 ) ( 0 . 2 9 - 0 . 7 1 ) ( 0 . 4 3 - 0 . 7 0 )

1986 4 1
( 2 9 , 1 2 )

0 . 6 9 0 . 9 2 0 . 7 6
( 0 . 5 2 - 0 . 8 3 ) ( 0 . 6 6 - 1 . 0 0 ) ( 0 . 6 2 - 0 . 8 6 )

1987 4 1
( 2 5 , 1 6 )

0 . 6 0 0 . 8 1 0 . 6 8
( 0 . 4 2 - 0 . 7 6 ) ( 0 . 5 8 - 0 . 9 5 ) ( 0 . 5 4 - 0 . 8 0 )

1988 4 5
( 3 1 , 1 4 ) 0 . 7 1 0 . 7 9

( 0 . 5 5 - 0 . 8 4 )
0 . 7 3

( 0 . 5 3 - 0 . 9 4 ) ( 0 . 6 0 - 0 . 8 4 )
aWCSA and RSA not  s igni f icant ly  d i f ferent  for  0 .66,  1 d f ,  P  =  0 . 4 2 ) 1986
2.37, 1 df, P =  0 . 1 2 ) ,  1 9 8 7  (X 2 1985 (X2=

= 2.04, 1 df , P = 0.15) or  1988 ( X 2 0 . 2 9 ,  d f  P  =
(X2=

0.59)
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T a b l e  5 . Propor t ion  of  nes t ing  pa i r s  of  Nor thern  Spot ted  Owls
which fledged young in the Willow Creek Study Area (WCSA) and
Regional Study Area (RSA), northwest California,  from 1985
through 1988. N i n e t y - f i v e  p e r c e n t  c o n f i d e n c e  i n t e r v a l s  a r e  i n
p a r e n t h e s e s .

Propor t ion  of  Nes t ing  Pa i rs
No. P a i r s Which Fledged Young

Nes t ing
Year (WCSA, RSA) WCSA RSA Combineda

1985 24 0.73
(15, 9) (0.49-0.90)

1986 31 0.55
(20, 11) (0.35-0.74)

1987 28 0.67
(15, 13) (0.42-0.86)

1988 33 0.86
(22, 11) (0.68-0.96)

0.67
(0.35-0.91)

0.91
(0.64-1.00)

0 . 9 2
(0.68-1.00)

0.91
(0.64-1.00)

0.71
(0.52-0.85)

0.62
(0.49-0.74)

0 . 7 9
( 0 . 6 2 - 0 . 9 0 )

0.88
(0.74-0.96)

aWCSA and RSA not significantly different for 1985 (X2  = 0.12, 1 df, P = 0.73), 1987 (X2 =
2.72, 1 df, P = 0.10) or 1988 (X2 = 0.14,
1986 (X2= 4.19, 1 df; P= 0.04).

1  d f ,  P =  0 .71)  bu t  s ign i f ican t ly  d i f fe ren t  fo r

i n d i v i d u a l l y  i d e n t i f i e d  e i t h e r  b y  c a p t u r i n g  t h e m  ( n  =  1 6 )  o r  r e -
s ight ing  the i r  co lor -band combina t ions  (n  =  53) . A n a l y s i s  o f
crude  and  ecologica l  dens i t ies  for  1985 through 1988 were
r e p o r t e d  i n  F r a n k l i n  e t  a l . ( i n  p r e s s ) .

Reproduct ion

Proportion of Population Nesting and Fledging Young

The propor t ion  of  pa i r s  checked  annual ly  for  reproduct ion
which  nes ted  in  1985 through 1988 (Table  4)  was  not  s ign i f ican t ly
di f fe rent  among years  (X 2  = 3 .46 ,  3  d f ,  P  =  0 . 3 3 ) . We used only
those pairs  checked for reproduction before 31 May, which we
cons idered  the  end  of  the  nes t ing  per iod .
combined,

For  the  four  years
67.8% of the pairs  nested (n = 169 pairs;  95% C.I.  =

61.5 -  73.7%). Annual estimates for the WCSA were not
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e s t i m a t e s  f o r  t h e  R S A  ( T a b l e  4 ) .

There  was  much grea te r  var iab i l i ty  be tween annual  es t imates
of  the  propor t ion  of  nes t ing  pa i r s  which  f ledged  young in  the
WCSA and RSA; a significantly higher proportion of nesters
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Table  6.  Propor t ion  of  Nor thern  Spot ted  Owl  pa i r s  checked  for
reproduct ive  ac t iv i ty  which  f ledged  young in  the  Wil low Creek
Study Area (WCSA) and Regional Study Area (RSA), northwest
C a l i f o r n i a , from 1985 through 1988. Ninety-five percent
c o n f i d e n c e  i n t e r v a l s  a r e  i n  p a r e n t h e s e s .

No. P a i r s Proportion of Pairs Fledging Young
Checked

Year (WCSA, RSA) WCSA RSA Combineda

1985 48 0.41 0.29 0.35
(27,21) (0.29-0.58) (0-13-0.49) (0.24-0.48)

1986 50 0.36 0.50 0.42
(30, 20) ( 0 . 2 2 - 0 . 5 3 ) (0.30-0.70) (0.30-0.55)

1987 56 0.32 0.48 0.39
(31, 25) (0.19-0.50) (0.31-0.66) (0.28-0.51)

1988 62 0.54 0.37 0.47
(35, 27) (0.39-0.69) (0.22-0.55) (0.36-0.58)

aWCSA and RSA not significantly different for 1985 (X2  = 0.76, 1 df, P = 0.38), 1986 (X2 =
0.88, 1 d f , P = 0.34) , 1987 (X2 = 1.22, 1 df , P = 0.23) o r 1988 (X2  = 1.82, 1 df , P =
0.18) .

fledged young in the RSA in 1986 (Table 5). However, e s t i m a t e s
for  1985 through 1988 (Table  5)  were  not  s ign i f ican t ly  d i f fe ren t
among years for the two study areas combined (X2  = 4.22,  3 df ,  P
= 0 .24) . Overa l l , t h e  p r o p o r t i o n  o f  n e s t i n g  p a i r s  w h i c h  f l e d g e d
young on both study areas was 76.7% f o r  a l l  f o u r  y e a r s  ( n  =  1 1 6 ;
95% C.I. =  6 9 . 4  -  8 3 . 0 % ) .

The proportion of pairs checked which fledged young in 1985
through 1988 (Table  6)  was  not  s ign i f ican t ly  d i f fe ren t  among
y e a r s  ( X 2  =  1 . 5 6 ,  3  d f ,  P  =  0 . 6 7 ) . For the four years combined,
41.2% of the pairs f ledged young (n = 216; 95% C.I.  = 35.6 -
47.0%). There  was  no  s ign i f ican t  d i f fe rence  be tween  annual
estimates for the WCSA and RSA (Table 6).

B e c a u s e  w e  d i d  n o t  f i n d  s i g n i f i c a n t  d i f f e r e n c e s  i n
reproduct ion  in  nor thwes t  Cal i forn ia  for  the  per iod  1985-1988,
a l l  pa i red  females  which  could  be  aged  as  e i ther  adul t s  (n  =  132)
or  subadul t s  (n  =  33)  were  used  to  examine  d i f fe rences  in
r e p r o d u c t i v e  c h a r a c t e r i s t i c s  b e t w e e n  t h e  t w o  a g e  c l a s s e s  ( T a b l e
7 ) . The proportion of females nesting and fledging young were
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T a b l e  7 .  R e p r o d u c t i v e  c h a r a c t e r i s t i c s  o f  p a i r e d  s u b a d u l t  a n d
adult female Northern Spotted Owls of known age on the Willow
Creek Study Area and Regional Study Area,  northwest California,
from 1985 through 1988. N i n e t y - f i v e  p e r c e n t  c o n f i d e n c e  i n t e r v a l s
a r e  i n  p a r e n t h e s e s .

P r o p o r t i o n

Mean number of Fledging
Age c lass na young fledgedb Nestingc youngd

Subadult 34 0.41 0.36 0.24
(0.12-0.70) (0.23-0.52) (0.12-0.39)

Adul t 144 0.72 0.64 0.46
(0.58-0.86) (0.57-0.71) (0.39-0.53)

Combined 178 0.66 0 . 5 9 0.42
(0.54-0.79) (0.52-0.65) (0.35-0.48)

an = 132 adults  and 33 subadults  for proportion nesting.
b Adult and subadult  age classes significantly different (Mann-Whitney U Test;  Z = -2.09, P
= 0.04).
cAdult and subadult  age classes significantly different (X 2  = 8.56,  1  df ,  P = 0.01) .
d Adult and subadult  age classes significantly different (X 2  = 5.63,  1  df ,  P = 0.02) .

s i g n i f i c a n t l y  g r e a t e r  f o r  a d u l t s  ( 0 . 6 4  a n d  0 . 4 6 ,  r e s p e c t i v e l y )
t h a n  f o r  s u b a d u l t s  ( 0 . 3 6  a n d  0 . 2 4 ,  r e s p e c t i v e l y ) .

Reproductive Output

In 1988,
8) .

a mean of 0.66 young were fledged per pair  (Table
T h i s  e s t i m a t e  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  e s t i m a t e s

for 1985, 1986 or  1987  (Kruska l -Wal l i s  t es t ,  H = 0 .41 ,  P = 0 .94) .
T h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  o b s e r v e d  v a r i a t i o n
between the WCSA and RSA for any year (Table 8). F o r  t h e  f o u r
years combined, a mean of 0.65 young were fledged, per pair (n =
216, 95% C.I. =  0 .53  -  0 .76) . Mean number of young fledged per
a d u l t  f e m a l e  ( 0 . 7 2 )  w a s  s i g n i f i c a n t l y  g r e a t e r  t h a n  f o r  s u b a d u l t
females  (0 .41 ;  Table  7) . For modell ing purposes,  mean fecundity
(number of female young fledged per female) for adults and
subadul t s  was  ca lcu la ted  assuming a  1 :1  sex  ra t io ,  by  d iv id ing
the  number  of  young f ledged  per  pa i r  by  two pr ior  to  ca lcu la t ing
means  and  s tandard  e r rors . Mean fecundity was 0.36 (SE = 0.04, n
= 144) for adults  and 0.21 for subadults  (SE = 0.07,  n = 34).
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Table  8 .  Mean number of young fledged per pair  of Northern
Spotted Owls in the Willow Creek Study Area (WCSA) and Regional
Study Area (RSA), northwest  California,  from 1985 through 1988.
N i n e t y - f i v e  p e r c e n t  c o n f i d e n c e  i n t e r v a l s  f o r  m e a n s  a r e  i n
p a r e n t h e s e s .

No.  Pa i r s Mean Number of Young Fledged per Pair
Checked

Year (WCSA, RSA) WCSA RSA Combineda

1985 (27, 21) 0.67
(0.32-1.01)

1986 (30, 20) 0.57
(0.25-0.88)

1987 (31, 25) 0.55
(0.23-0.86)

0.52 0.60
(0.14-0.91) (0.35-0.86)

0.80 0.66
(0.42-1.18) (0.41-0.90)

0.80
(0.44-1.15)

0.66
(0.43-0.90)

1988
(35, 27)

0.74 0.56 0.66
(0.47-1.02) (0.24-0.87) (0.46-0.87)

aWCSA and RSA not significantly different (Mann-Whitney U Test) for 1985 (Z = 0.68, P =
0.50) ,
0 .30) .

1986 (Z = -0.95, P = 0.34), 1987 (Z = -1.11, P = 0.27), or 1988 (Z = 1.03, P =

Table  9 .  Mean product iv i ty  of  Nor thern  Spot ted  Owl  pa i r s  in  the
Willow Creek Study Area (WCSA) and Regional Study Area (RSA),
nor thwes t  Cal i forn ia ,  f rom 1985 through 1988.  Nine ty- f ive  percent
conf idence  in te rva ls  for  means  a re  in  paren theses .

No. P a i r s Mean Productivity
Checked

Year (WCSA,  RSA) WCSA RSA Combineda

1985 1 7 1.63 1.83 1.71
(12, 5) (1.33-1.94) (1.42-2.25) (1.46-1.95)

1986 2 1 1.55 1.60 1.57
(11, 10) (1.22-1.87) (1.25-1.94) (1.33-1.81)

1987 22 1.70 1.67 1.68
(10, 12) (1.38-1.90) (1.37-1.96) (1.46-1.90)

1988 2 9
(19, 10)

1.37 1.50 1.44
(1.10-1.64) (1.13-1.87) (1.19-1.63)

aWCSA and RSA not significantly different (Mann-Whitney U Test) for 1985 (Z = -0.76, P =
0.45) , 1986 (Z = -0.21, P = 0.84),
0 .43) .

1987 (Z = 0.12, P = 0.90), or 1988 (Z = -0.78, P =
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Table  10.  Annual turnover rates from 1984-85 through 1987-88 in
te r r i to r ies  occupied  by  banded  male  and  female  Nor thern  Spot ted
Owls  in  nor thwes t  Cal i forn ia .

Turnover Rate

No. Banded Combined
Birds Checked WCSA RSA

Sex Year (WCSA, RSA) (P) (P) P (95% CI)

Males 1984-85 17 ( -,  -)a

1985-86 39 (29, 10)
1986-87 45 (35, 10)
1987-88 54 (32, 22)

-
0.10
0.20
0.13

-
0 .10
0.10
0.05

Females 1984-85 14 ( -)a- ,
1985-86 36 (28, 8)
1986-87 39 (31, 8)
1987-88 50 (31, 19)

Both 1984-85 31 ( -, -)a

1985-86 75 (57, 18)
1986-87 84 (66, 18)
1987-88 104 (63, 41)

0.14 0.13
0.26 0.13
0.29 0.21

0.12 0.11
0.23 0.11
0.21 0.12

0 .12  (0 .02-0 .33)
0 .10  (0 .04-0 .22)
0 .18  (0 .09-0 .30)
0 .09  (0 .04-0 .19)

0 .07  (0 .01-0 .30)
0 .14  (0 .06-0 .27)
0 .23  (0 .13-0 .37)
0 .26  (0 .16-0 .38)

0 .10  (0 .03-0 .23)
0 .12  (0 .06-0 .20)
0 .20  (0 .13-0 .29)
0 .17  (0 .12-0 .25)

aSarnple pooled across WCSA and RSA.

Mean productivity in 1988 was 1.44 young per breeding female
(Table 9) . T h e  1 9 8 8  e s t i m a t e  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t
f rom es t imates  for  1985, 1986 and 1987 (Kruskal-Wallis  test ,  H =
5 .57 ,  P  =  0 .13) . Li t t le  annual  var ia t ion  was  observed  be tween
the  two s tudy  a reas  (Table  9) . For  the  four  years  combined ,  a
mean of 1.57 young were fledged per pair which produced young (n
= 89,  95% C.I .  = 1.46 -  1.68).

S i t e  a n d  M a t e  F i d e l i t y

O v e r a l l , there was a 12.3% mean annual turnover rate for male
and 20.1% turnover  ra te  for  female  te r r i to ry  holders  on  the  WCSA
and RSA from 1984-85 through 1987-88 (Table 10). Male (9.3%) and
female  (26 .0%)  turnover  ra tes  for  1988 were  s ign i f ican t ly
d i f fe ren t  (X 2  = 5 .08 ,  1  df ,  P  = 0 .02) . However, male and female
r a t e s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  t h e  o t h e r  y e a r s  ( X 2  =
0 . 1 9  -  0 . 3 6 ,  1  d f ,  P  =  0 . 5 5  -  0 . 6 6 ) . While male rates have
varied between 9% and 18%, female rates have shown a steady
increase between 1984-85 and 1987-88 (Table 10). One male banded
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T a b l e  1 1 .  P r o p o r t i o n  o f  t e r r i t o r i e s  i n  t h e  W i l l o w  C r e e k  S t u d y
Area, n o r t h w e s t  C a l i f o r n i a , which were occupied by unpaired
Northern Spotted Owls from 1985 through 1988. Ninety-five percent
c o n f i d e n c e  i n t e r v a l s  a r e  i n  p a r e n t h e s e s .

P e r c e n t  ( n )  o f  S i n g l e
No. of P r o p o r t i o n  o f T e r r i t o r i e s  C o n t a i n i n g :
T e r r i t o r i e s T e r r i t o r i e s  w i t h

Year Checked Single  Birds Males Females

1985a 36 0 .17  (0 .07-0 .30) 88 (6) 12 (1)

1986b 34 0 .09  (0 .02-0 .21) 1 0 0 3 ) 0 (0)

1987 36 0 .14  (0 .06-0 .27) 80 (4) 20 (1)

1988 37 0 .05  (0 .01-0 .16) 100(2) 0 (0)
aData from Franklin et  al .  (1986).
b Data from Franklin et  al .  (1987).

in  1982 has  occupied  the  same te r r i to ry  for  a t  l eas t  seven  years
while a female banded as a subadult  in 1981 has occupied the same
t e r r i t o r y  f o r  e i g h t  y e a r s . The  percentage  of  adul t s  in  b i rds
newly recruited into the WCSA population has increased from 28.6%
(=  2 /7)  in 1986 to 41.7% (= 5/12) in 1987 and 1988. The
remainder  of  recru i tment  has  been  subadul t s .

Of 126 pair  bonds observed from 1985 through 1988, three have
ended  in  d ivorce  for  a  d ivorce  ra te  of  2 .4%. One of the divorces
was  observed  in  1986 (Frankl in  e t  a l . 1987) and two were observed
in 1988. Two females divorced their  mates who remained single on
t h e i r  t e r r i t o r i e s  a f t e r  t h e  d i v o r c e . One of the divorced males
d issappeared  a f te r  remain ing  s ing le  for  one  year  (NFMCC ter r i to ry
in Appendix 1) while the other divorced male has remained single
for two years (GRAYC terri tory in Appendix 1). The  th i rd  d ivorce
was  mutua l  wi th  each  of  the  d ivorced  mates  pa i r ing  wi th  o ther
o w l s  i n  s e p a r a t e  t e r r i t o r i e s .

O c c u p a n c y  o f  T e r r i t o r i e s

The percentage of terri tories in the WCSA occupied by
unpaired Spotted Owls in 1988 was 5.4 %
d i f f e r e n t  t h a n  e s t i m a t e s  f o r  1 9 8 5 ,

a n d  w a s  n o t  s i g n i f i c a n t l y

P = 0 .43 ;  Table  11) .
1986 or 1987 (X2  = 2.79, 3 df,

A combined estimate of 12.6% was calculated
for 1985 through 1988 (n = 143,  95% C.I.  = 0.08 -  0.19).
Annually, 80% to 100% of the unpaired owls were males (Table 11).
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A total  of 43 terri tories have been documented on the WCSA
between 1985 and 1988 (Appendix 1). The number of occupied
ter r i tor ies  on  the  WCSA have  remained  re la t ive ly  cons tan t  a t  36
t e r r i t o r i e s  o c c u p i e d  i n  1 9 8 5 , 33 in 1986, 36 in 1987 and 37 in
1988 (Appendix 1). However, only 24 (55.8%) of the 43
t e r r i t o r i e s  w e r e  o c c u p i e d  b y  p a i r s  e v e r y  y e a r  f o r  t h e  f o u r - y e a r
p e r i o d .

Four territories were abandoned in 1988 (BURRS, FOURM, HENRW
and SPIKE; Appendix 1). Pr ior  to  1988 , single males occupied two
of the terri tories while pairs  occupied the other two (HENRW and
SPIKE), portions of which were logged in 1987. O n e  t e r r i t o r y
(MAHAL) abandoned by a pair of subadults in 1987 was re-occupied
in  1988 by  a  s ing le ,  subadul t  male . In  addi t ion ,  four  new
terri tories were apparently established on the WCSA (HORSE,
MINGC, PANTH and PONYC; Appendix 1). Bi rds  prev ious ly  loca ted  on
the WCSA made up both of the occupants in HORSE and one of the
occupants in both MINGC and PONYC. PANTH was occupied by a pair
of adults new to the WCSA. Rates of occupation between 1987 and
1988 on the WCSA were not calculated because we were uncertain
whether  the  four  new te r r i to r ies  were  "ephemera l"  (b i rds
occupying  areas  for  on ly  a  year  before  d isappear ing ,  e .g  CHINA
and HENRW territories in 1987). An addi t iona l  one  to  two years
o f  r e s e a r c h  w i l l  p r o b a b l y  b e  r e q u i r e d  t o  p u t  t h e  p o p u l a t i o n  f l u x
seen  in  1988 in to  perspec t ive .

Movements  Be tween  Terr i tor i e s

In ter - te r r i tor ia l  movements  on  the  WCSA involved  subadul t  (n
=  4 )  a n d  a d u l t  ( n  =  6 )  o w l s  l e a v i n g  e s t a b l i s h e d  t e r r i t o r i e s  a n d
e i t h e r  r e p l a c i n g  o t h e r  i n d i v i d u a l s  o n  e s t a b l i s h e d  t e r r i t o r i e s ,  o r
e s t a b l i s h i n g  n e w  t e r r i t o r i e s  w i t h  o t h e r  b i r d s . Nine such
movements (5 by adults) were observed in 1988 compared with only
one  previous ly  observed  by  an  adul t  in  1986 (Frankl in  e t  a l .
1987). One of the movements included an adult  female migrating
4.5 km (2.8 mi) into the WCSA from a terri tory in the RSA. A l l
of the movements were associated with new pair  bonds being formed
after the movement. I n  a d d i t i o n , we documented in 1986 and 1987
5 dispersals within the WCSA by juveniles born on the WCSA in
1985 (n = 4) and 1986 (n = 1). A l l  o f  t h e s e  d i s p e r s a l s  r e s u l t e d
i n  t h e  f o r m a t i o n  o f  p a i r  b o n d s  o n  e s t a b l i s h e d  t e r r i t o r i e s . As a
subadult  male, one  of  the  juveni les  success fu l ly  f ledged  2  young
2 . 3  k m  f r o m  h i s  n a t a l  t e r r i t o r y . Although no dispersals were
observed in 1988, 4  o f  t h e  5  d i s p e r s i n g  j u v e n i l e s  s t i l l  o c c u p i e d
ter r i tor ies  in  the  WCSA.

Eighty  percent  of  the  observed  d ispersa ls  by  juveni les  were
by males while 83.3% o f  i n t e r - t e r r i t o r i a l  m o v e m e n t s  b y  a d u l t s
were by females (Figure 3A). Movements by subadults were equally
divided between the two sexes, E i g h t y  p e r c e n t  o f  t h e  j u v e n i l e
dispersals were observed in 1986, 20% in 1987 and none in 1988
(Figure 3B). Al l  o f  subadul t  and  83 .3% of  adul t  in te r -
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t e r r i to r ia l  movements  were  observed  in  1988. We did not include
the  one  subadul t  observed  in  1985 (Frankl in  e t  a l .  1986)  because
i t  w a s  a  " f l o a t e r " a n d  n o t  a n  i n t e r - t e r r i t o r i a l  m o v e m e n t
a c c o r d i n g  t o  o u r  d e f i n i t i o n .

S u c c e s s f u l  d i s p e r s a l  d i s t a n c e s  b y  j u v e n i l e s  o b s e r v e d  o n  t h e
WCSA averaged 7.2 km (SD = 4.2, range = 2.3 - 11.6 km).
Distances moved by subadults averaged 4.4 km (SD = 2.9,  range =
2.5 -  8.4 km) while adults averaged 3.5 km (SD = 3.3,  range = 0.6
- 9.7 km). Dis tances  moved by  the  three  age-c lasses  were  not
significantly different (One-way ANOVA; F-ratio = 1.62,  P = 0.24;
F i g u r e  4 ) .

A n n u a l  S u r v i v a l

A  t o t a l  o f  5 1 3  i d e n t i f i c a t i o n s  ( c a p t u r e s ,  r e c a p t u r e s  a n d  r e -
sightings) of individuals have been made on the WCSA and RSA from
1984 through 1988 (Table 12), n o t  i n c l u d i n g  m u l t i p l e  r e c a p t u r e s
a n d  r e - s i g h t i n g s  o f  i n d i v i d u a l s  w i t h i n  t h e  s a m e  y e a r . Data on
i n d i v i d u a l  i d e n t i f i c a t i o n s  w e r e  u s e d  t o  e s t i m a t e  s u r v i v a l  r a t e s
us ing  empir ica l  and  Jo l ly-Seber  models . Because banding data on
subadul t s  and  juveni les  was  co l lec ted  only  f rom 1984-85  through
1 9 8 7 - 8 8 ,  a d u l t  s u r v i v a l  r a t e s  w e r e  c a l c u l a t e d  f o r  t h i s  t i m e
period to make comparisons (Table 13),  as well  as from 1984-85
through 1987-88.

Table 12.  Number of Northern Spotted Owls identif ied in northwest
California from 1984 through 1988. New birds were owls that  had
not been previously banded; old birds were owls that  had been
previous ly  banded .

No. New Birds Captured No. Old Birds

Ad/Subad
Grand

Year Juv. Tota l Recap. Res ight Tota l Tota l

1984 29 17 46 3 0 3 49

1985 54 17 70 22 0 22 93

1986 10 17 26 54 0 54 81

1987 48 29 79 42 18 60 137

1988 18 36 54 13 86 99 153

Tota l 159 116 275 134 104 238 513
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T a b l e  1 3 .  E m p i r i c a l  e s t i m a t e s  o f  a n n u a l  s u r v i v a l  r a t e s  f o r  b a n d e d
j u v e n i l e , subadult  and adult  Northern Spotted Owls in northwest
California from 1985 through 1988. Sample  s izes  a re  in  parentheses .

Year Overa l l

Age Class Sex 1985-86 1986-87 1987-88 1985-88 95% CI

J u v e n i l e M&F 0 .18  (17)  0 .06  (17)  0 .00  (29)  0 .06  (63) 0 .02-0 .14

Subadult M 0.00 (1) 0.67 (3) 0.80 (5) 0.67 (9) 0 .35-0 .90
F 0.88 (8) 0.60 (5) 0.89 (9) 0.87 (22) 0 .63-0 .94
M&F 0.78 (9) 0.63 (8) 0.86 (14) 0.77 (31) 0 .62-0 .89

Adult M 0.93 (43) 0.95 (42) 0.98 (53) 0.96(138) 0 .92-0 .98
F 0 . 8 6 (29) 0 . 8 4 (32) 0 . 8 8 (43) 0 . 8 7 ( 1 0 4 ) 0 . 8 0 - 0 . 9 2
M&F 0.90 (72) 0.91 (74) 0.94 (96) 0.92(242) 0 .88-0 .95

J u v e n i l e s

0.14
A n n u a l  s u r v i v a l  r a t e s  f o r  r a d i o - t r a n s m i t t e r e d  j u v e n i l e s  w e r e

in 1983 (SE = 0.09,  n = 9 individuals and 1691 radiodays)
and 1984 (SE = 0.10,  n = 7 individuals and 1284 radiodays).
Surviva l  ra tes  es t imated  f rom banding  da ta  decreased  f rom 0 .18  in
1985-86  to  0 .00  in  1987-88  (Table  13)  wi th  an  overa l l  ra te  for
the  four -year  per iod  of  0 .06  (SE =  0 .03 ,  n  =  63) .

S u b a d u l t s

The overa l l  annual  surv iva l  ra te  for  subadul t  males  f rom 1985
through 1988 was 0.67 (SE = 0.16, n = 9) which was not
s ign i f ican t ly  d i f fe ren t  (X 2  = 0 .84 ,  1 df ,  P  = 0 .36)  f rom the
ra tes  of  0 .87  (SE =  0 .08 ,  n  =  22)  for  subadul t  females  (Table
13). Annual  ra tes  for  subadul t s  (bo th  sexes  combined)  a l so  were
n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( X 2  =  1 . 5 7 ,  2  d f ,  P  =  0 . 4 6 ) .   T h e
overa l l  ra te  of  0 .77  (SE =  0 .07 ,  n  =31)  for  subadul t s  (years  and
s e x e s  c o m b i n e d )  w a s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  o v e r a l l  r a t e
f o r  j u v e n i l e s  ( X 2  =  5 . 8 7 ,  1  d f ,  P  =  0 . 0 2 ) .

A d u l t s

Empir ica l  and  J -S  es t imates  for  adul t  male  and  female
surv iva l  ra tes  were  comparable  (F igure  5) .
from 71 males were used in the J-S analysis.   J-S estimates for

C a p t u r e  h i s t o r i e s

adult  male survival ranged from 1.00 (SE = 0.02) in 1984-85 to
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0.90  (SE =  0 .06)  in  1986-87  wi th  an  overa l l  ra te  (a l l  years
combined) of 0.96 (SE = 0.02) for the period of 1984 through 1987
(Figure  5) . Empir ica l  ra tes  ranged  f rom 0 .93  (SE =  0 .04)  in
1985-86  to  1 .00  in  1984-85  wi th  an  overa l l  ra te  (a l l  years
combined) of 0.96 (SE = 0.02,  n = 153) for the period of 1984
through 1988. Empir ica l  annual  ra tes  for  adul t  males  were  not
s i g n i f i c a n t l y  d i f f e r e n t  ( X 2  =  1 . 5 0 ,  3  d f ,  P  =  0 . 4 7 ) . The overa l l
empir ica l  es t imate  of  0 .96  (SE =  0 .02)  for  adul t  males  f rom 1985
through 1988 was significantly higher '  (X2  = 12.35,  1 df,  P <
0 . 0 0 1 )  t h a n  t h e  c o m p a r a b l e  r a t e  f o r  s u b a d u l t  m a l e s  ( T a b l e  1 3 ) .

C a p t u r e  h i s t o r i e s  f r o m  6 4  f e m a l e s  w e r e  u s e d  i n  t h e  J - S
a n a l y s i s . J - S  e s t i m a t e s  f o r  a d u l t  f e m a l e  s u r v i v a l  r a n g e d  f r o m
0.77  (SE =  0 .11)  in  1984-85  to  0 .88  (SE =  0 .07)  in  1986-87  wi th
an  overa l l  ra te  (a l l  years  combined)  of  0 .84  (SE =  0 .05)  for  the
per iod  of  1984 through 1987 (F igure  5) .   Empir ica l  ra tes  ranged
from 0.84 (SE = 0.06) in 1986-87 to 0.93 (Sk = 0.07) in 1984-85
with an overall  rate (al l  years combined) of 0.87 (SE = 0.03,  n =
118) for the period of 1984 through 1988. Empir ica l  annual  ra tes
f o r  a d u l t  f e m a l e s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( X 2  =  0 . 2 6 ,  2
d f ,  P  =  0 . 8 8 ) . The overa l l  empir ica l  es t imate  of  0 .87  (SE =
0.03) for adult  females from 1985 through 1988 was not
s i g n i f i c a n t l y  d i f f e r e n t  ( X 2  =  0 . 3 3 , 1  d f ,  P  =  0 . 5 7 )  t h a n  t h e
comparable rate for subadult females (Table 13).  The overall
e m p i r i c a l  e s t i m a t e  f o r  a d u l t  f e m a l e s  c a l c u l a t e d  f o r  1 9 8 4 - 8 5
through 1987-88  was  s ign i f ican t ly  lower  (X 2  = 6 .50 ,  1  d f ,  P  =
0.01)  than  comparable  ra tes  for  adul t  males .

S ince  in te r - te r r i tor ia l  movements  may have  af fec ted  the
a s s u m p t i o n s  u n d e r l y i n g  c a l c u l a t i o n  o f  e m p i r i c a l  s u r v i v a l  r a t e s  o n
the WCSA, we examined empirical rates calculated from the RSA and
WCSA (where we were able to detect and correct for movements).
The empirical  rate of 0.89 (n = 26) for adult  females on the WCSA
w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( X 2  <  0 . 0 1 ,  1  d f ,  P  =  0 . 9 8 )  f r o m
a  r a t e  o f  0 . 8 8  ( n  =  1 7 )  f o r  a d u l t  f e m a l e s  o n  t h e  R S A .  I n
a d d i t i o n , the  empir ica l  ra te  of  0 .97  (n  =  29)  for  adul t  males  on
the  WCSA was  not  s igni f icant ly  d i f fe ren t  (X 2  = 0 .48 ,  1  d f ,  P  =
0.49) from a rate of 1.00 (n = 24) for adult  males on the RSA.

E f f e c t s  o f  F i r e s

F i v e  t e r r i t o r i e s  i n  t h e  R S A ,  w h i c h  c o n t a i n e d  p a i r s  o f
Northern Spotted Owls,
1987.

w e r e  i m p a c t e d  b y  f i r e s  i n  t h e  f a l l  o f
T h r e e  o f  t h e  t e r r i t o r i e s  w e r e  w i t h i n  t h e  T i t u s  f i r e  o n  t h e

Klamath National Forest  and two were burned by smaller  f ires on
t h e  S h a s t a - T r i n i t y  N a t i o n a l  F o r e s t . A l l  o f  t h e  t e r r i t o r i e s
exper ienced  l igh t  to  modera te  unders tory  burns . The conifer  and
hardwood overstories had remained intact  where the owls were
located although much of the ground cover and hardwood mid-
s tor ies  had  been  removed by  f i res .
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O f  t h e  1 0  a d u l t s  l o c a t e d  a n d  b a n d e d  o n  t h e  f i v e  t e r r i t o r i e s
in 1987, 9 (90%) survived to 1988; an adult  female was replaced
b y  a  s u b a d u l t  o n  o n e  t e r r i t o r y . I n  a d d i t i o n , th ree  (60%)  of  the
pairs nested and two fledged one young each for a mean of 0.40
young f ledged  per  pa i r .

DISCUSSION

T h e  d e c l i n e  i n  t h e  a d j u s t e d  t e r r i t o r i a l  p o p u l a t i o n  o n  t h e
WCSA in 1987 (Franklin and Gutiérrez 1988) was apparently a
temporary  sh i f t  in  abundance . The  number  of  occupied  te r r i to r ies
and the number of Spotted Owls has remained relatively stable on
the WCSA for the past  four years. However, on ly  about  ha l f  o f
t h e s e  t e r r i t o r i e s  h a v e  b e e n  c o n s i s t e n t l y  o c c u p i e d  b y  p a i r s  o v e r
t h i s  t i m e  s p a n . I n  a d d i t i o n , the population on the WCSA is
currently undergoing some manner of social  change. In 1988, we
observed  increased  d ivorces , a  n i n e - f o l d  i n c r e a s e  i n  i n t e r -
te r r i tor ia l  movements  by  adul t s  and  subadul t s  f rom the  previous
t h r e e  y e a r s , a n d  t h e  f o r m a t i o n  o f  f o u r  n e w  t e r r i t o r i e s . The
amount of mature and old-growth habitats removed by logging on
the WCSA has increased from 0.5 km2 removed between 1985 and 1986
to  4 .0  km 2  over  the  next  two years  (Frankl in  e t  a l . ,  in  press )
y i e l d i n g  a n  a p p a r e n t  i n c r e a s e  i n  e c o l o g i c a l  d e n s i t y . Reduction
and f ragmenta t ion  of  Spot ted  Owl  habi ta t  may have  the  shor t - te rm
e f f e c t  o f  f o r c i n g  b i r d s  t o  m o v e  i n  o r d e r  t o  s u r v i v e . Female
Sparrowhawks ( A c c i p i t e r  nisus)  showed a  s t rong  tendency  to  remain
o n  t e r r i t o r i e s  w i t h  h i g h  h a b i t a t  q u a l i t y  a n d  t o  m o v e  f r o m
ter r i to r ies  wi th  low habi ta t  qua l i ty  (Newton  and  Marquiss  1982) .

Pr ior  to  1988 , the WCSA population exhibited a high degree of
s i t e  a n d  m a t e  f i d e l i t y  ( F r a n k l i n  a n d  G u t i é r r e z  1 9 8 8 ,  F r a n k l i n  e t
a l . 1986,  1987). Presumably, i t  would be advantageous for
Spot ted  Owls  to  main ta in  the  same mate  and  te r r i tory  as  long  as
poss ib le  in  order  to  maximize  the  chances  of  success fu l ly  rear ing
young and indiv idual  surv iva l . Southern and Lowe (1968)
hypothesized that  intimate knowledge of a terri tory by Tawny Owls
(S t r ix  a luco)  was an  impor tan t  fac tor  in  reproduct ive  success  and
could  over r ide  per iods  of  prey  shor tages . Martin (1986)
suppor ted  th i s  v iew f rom a  phys io logica l  bas i s  hypothes iz ing  tha t
de ta i led  knowledge  of  loca l  topography was  equal ly  as  impor tan t
a s  t h e  h i g h  s e n s o r y  s e n s i t i v i t i e s  w h i c h  a l l o w  o w l s  t o  b e  a c t i v e
a t  n i g h t . I n  F l o r i d a  S c r u b  J a y s  ( A p h e l o c o m a  c o e r u l e s c e n s
c o e r u l e s c e n s ) , a  h igh  degree  of  mate  f ide l i ty  was  advantageous
for  reproduct ive  output  (Woolfenden  and  F i tzpa t r ick  1984) .
However, reproductive output on the WCSA was the highest in 1988
despi te  the  increased  movements .

Reproductive parameters for Spotted Owls in northwest
Cal i forn ia  have  remained  s tab le  over  the  four -year  s tudy  per iod .
Although we observed some geographic variation in reproductive
variables between the WCSA and RSA, combined annual estimates for
t h e s e  v a r i a b l e s  a l s o  e x h i b i t e d  l i t t l e  v a r i a t i o n  a m o n g  y e a r s .
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Subadult  females nested less frequently and produced fewer young
t h a n  a d u l t  f e m a l e s .

Annual  surv iva l  ra tes  for  adul t s  have  remained  s tab le  f rom
1985 through 1988. The decline reported in 1987 by Franklin and
Gutiérrez (1988) was reversed in 1988.  However,  adult  females
h a v e  s i g n i f i c a n t l y  l o w e r  s u r v i v a l  r a t e s  t h a n  m a l e s . N i c h o l s  e t
al .  (1980),  Mertz (1971) and Knight and Eberhardt  (1985) showed
t h a t  t h e  f i n i t e  r a t e  o f  p o p u l a t i o n  c h a n g e  w a s  m o s t  s e n s i t i v e  t o
c h a n g e s  i n  a d u l t  s u r v i v a l  i n  l i f e  t a b l e  a n a l y s e s  o f  l o n g - l i v e d
s p e c i e s  w i t h  t h e  h i g h  a d u l t  s u r v i v a l  a n d  l o w  r e p r o d u c t i v e  r a t e s
c h a r a c t e r i s t i c  o f  t h e  S p o t t e d  O w l . The demographic model for
Spotted Owls by Lande (1988) used an adult  female survival value
of 0.92 and predicted a 4% decl ine  in  Spot ted  Owl  popula t ions .
Inc lus ion  of  the  lower  va lue  of  0 .87  repor ted  in  th i s  s tudy  would
r e s u l t  i n  a  g r e a t e r  r a t e  o f  d e c l i n e . Continued monitoring of
a d u l t  s u r v i v a l  m a y  p r o v i d e  a  u s e f u l  i n d e x  f o r  p r e d i c t i n g
popula t ion  t rends  and  serve  as  an  ind ica tor  for  necessary  changes
in  management  s t ra tegies .

Surviva l  ra tes  es t imated  f rom banded juveni les  should  be
cons idered  minimum es t imates  because  of  the  d ispersa l  ab i l i ty  of
j u v e n i l e s  ( G u t i é r r e z  e t  a l . 1985, Miller and Meslow 1985).
However, s u r v i v a l  r a t e s  c a l c u l a t e d  f r o m  b a n d e d  j u v e n i l e s  h a s  n o t
r e f u t e d  t h e  l o w  r a t e s  c a l c u l a t e d  f r o m  t r a n s m i t t e r e d  j u v e n i l e s .

The  va l ida t ion  of  the  t rends  observed  in  Spot ted  Owl
p o p u l a t i o n s  i n  n o r t h w e s t  C a l i f o r n i a  w i l l  r e q u i r e  a d d i t i o n a l
years  of  research .  However , i f  dec l ines  in  abundance ,  annua l
s u r v i v a l  a n d  o c c u p a t i o n  o f  t e r r i t o r i e s  c o n t i n u e ,  t h e r e  m a y  b e  a
ser ious  problem in  main ta in ing  the  v iab i l i ty  of  Spot ted  Owl
p o p u l a t i o n s .

Short-term conclusions on the changes observed in 1988 are
d i f f i c u l t  t o  m a k e . An impor tan t  fac tor  to  cons ider  when dea l ing
w i t h  l o n g - l i v e d  s p e c i e s , s u c h  a s  t h e  S p o t t e d  O w l ,  i s  t h a t  l a g
ef fec ts  may occur . Current losses of habitat on the WCSA may not
have  an  immedia te  e f fec t  on  the  popula t ion  unt i l  severa l  years
l a t e r .
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Appendix 1. Location and occupancy of 43 Northern Spotted Owl
territories in the Willow Creek Study Area, northwest California,
from 1985 through 1988. M = male; F = female; P = pair; U = owls
not detected but territory inadequately surveyed; 0 = owls not
detected, territory adequately surveyed, N = territory not
surveyed. General legal description is for most recent nest or
roost site.

Territory General Legal Year
Description

Name Acronym (T,R,1/4 Sec.) 85 86 87 88

Amman Guard Station
Barney Cr.
Bee Tree Cr.
Brush Mountain
Burnt Ranch
Burnt Ranch School
Cedar Grove
China Cr.
Deep Gulch
E Fk Madden Cr.
E Fk Willow Cr. (N)
E Fk Willow Cr. (C)
E Fk Willow Cr. (S)
Fourmile Cr.
Gaynor Peak
Gray Cr.
Gray Ranch
Grouse Mt
Hennessev*CLE'
Hennessey Ridge (W)
Hogback Ridge (E)
Horse Mt. Cr.
Icebox Cr.
Madden Cr. (C)
Mahala Cr.
McAlister Cr.
Mincro Cr. (C)
Ming0 Cr. iWj
Mosquito Cr. (N)
Mosquito Cr. (C)
Mosquito Cr. (S)
N F< Madden Cr. (N)
N Fk Madden Cr. (C)
N Fk Madden Cr. (S)
Oak Knob (N)
Oak Knob (S)
Panther Ridge
Pony Cr.
Sims Cr.
Spike Buck Cr.
Sugarloaf Mt. (N)
Sugarloaf Mt
SW Fk Madden-C:?'

AMMON 5N,SE,SE 8
BARNY 5N.SE.NE 30
BEETR 5N;SE;SW 21
BRUSH 6N,5E,NW 18
BURNT 5N.6E.SW  9
BURRS 5N;6E;NW 10
CEDAR 5N,SE,NE 23
CHINA
DEEPG
EFMCR
EFWCN
EFWCC
EFWCS
FOURM
GAYNO
GRAYC
GPAYR
GROME
HENCR
HENRW
HOGRE
HORSE
ICEBX
MADCC
MAHAL
MCALI
MINGC
MING0
MOSCN
MOSCC
MOSCS
NFMCN
NFMCC
NFMCS
OAKKN
OAKKS
PANTH
PONY
SIMSC
SPIKE
SUGRN
SUGRS
SWFMC

6N;5E;NW 9
5N,6E,NE 6
5N.5E.NW 8
6N;4E;SW 14
6N,4E,NE 23
6N,4E,NE 26
6N,5E,SW 18
5N;5E;SE 35
6N,6E,SW 33
6N;6E;SE 33
5N,SE,SW 33
5N.6E.SW 4
6N,6E',SW 30 0
5N,5E,SW  15 P
5N;4E;NW  2
6N,6E,NW  29
5N,5E,NE 6
6N,SE,NE 2
4N,5E,NE 12
5N,5E,NW  35
SN,SE,SE 34
SN,SE,SW  28
4N,5E,SE 5
4N,SE,SW 9
6N,4E,NE 24
6N,4E,SE 24
6N,5E,SE 24
6N,5E,SW 28
5N,5E,NE 9
6N.SE.NW 5
6N;6E;SW 32
4N,SE,SE 10
5N,5E,NW 32
5N,SE,NE 33
5N;SE;SE 33 P
5N,5E,NW  I P

P
P
P
P
P
M
P
U

0
P
P
M
P
0
P
P
P
P
M
P
P
M

Fl
0
P
P
P

P
P
P
P
P
M
P
N
P
P
P
P
P
0
U
P
P
U
P
U
P
0
P
P
P
P
0
P
P
P
P
M
M
P
U
P
0
0
P
P
P
P
P

P
P
P
P
P
0
P
F
P
P
M
P
P
M
P
M
P
P
P
P
P
0
P
P
0
P
0
P
M
P
P
P
0
P
P
P
0
0
P
P
P
P
P

P
P
P
P
P
0
P
0
P
P
P
P
P
0
P
M
P
P
P
0
P
P
P
P
M
P
P
P
P
P
P
P
0
P
P
P
P
P
P
0
P
P
P
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